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[37] ABSTRACT 
A fiber reinforced plastic reflector has a sandwich con- 
struction and comprises a core, two fiber reinforced 
plastic plates which are secured to opposite sides of the 
core, and a reflecting fUm which is formed on the outer 
surface of one of the fiber reinforced plasrio plates. The 
core is made from an isotropic material having a low 
density and a low linear expansion coefficient. In One 
form of the invention, the core is a plate of a material 
selected from a uniform foamed metal having a density 
of 0.1-1.0 g/cm 3 ; uniform, porous glass having a density 
of 0,05-1.0 g/em 3 ; and a uniform, porous ceramic hav- 
ing a density of 0.3-1.0 g/em 3 . In another form of the 
invention, the core hi a corrugated sheet and a flat sheet 
which is secured to at least one side of the corrugated 
sheet, the corrugated sheet and said flat sheet being 
made of a material sel ected from a uniform Ke vlar fiber 
reinforced plastic having a density of 0.03- 1.0 g/cm 3 , a 
uniform ceramic having a density of 0.03-1.0 g/cm 3 , 
nod a uniform carbon fiber reinforced plastic having a 
density of 0.03-1.0 g/cm 3 . 

9 Claims, 3 Drawing Sheets 
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An FRP reflector in accordance with the present 
irnwn PimsrpnscED PLASTIC REFLECTOR invention ha* a sandwich construction and comprises^ 
FIBER BIWFOSLiu rJ^i«- "^"^^^ ^ ^ tVr , 0 ppj> p i a t» which, are secured to opposite 

« * ^nmtvn r\T7 tttt7 TMVPTJTION rides of the core. A reflecting film ia formed on the 

BACKGROUND OF THE INVENTION ^ outer surface of one of the FRP plates. The core of the 

ThiJ invention relate* to a reflector made from a fiber Sector is chosen from an isotropic material having a 
reinforced plastic, and more particularly it relates to a 1qW density ^ a lower linear expansion coefficient 
reflector which to capable of reflecting light rays rang- ^ a p^ym** Ibam. Aa a result of the isotropy of the 
ing in frequency from the infrared to the ultraviolet COfe i t to not object to nonuniform deformations, Fur- 
region. , w thermora, becau* of the Jow density and low linear 

FIGS. 1 and 2 are crass-sectional view of two con- ^n^naion coefficient, the reflector has a high stiftness- 
ventional reflectors made from a Char reinforced plastic ^weight ratio, undergoes little thermal deformation, 
(hereunder abbreviated as FRP). Each of the reflec- ^ ^ lightweight. 

tors has a core 1 which is made from a honeycomb onc farm of the present invention, the core corn- 

material or a polymer foam, An FRP plate 2 ia bonded l3 piiBcS a plllte 0 f an isotroplo material selected from a 
by a bonding agent 3 to each side of the core L One foam ^ me tal having a density of Oa-lX) a/cm 3 , uni- 
example of a material for the FRP plates 2 Is a carbon form ^ gfcg, having a density of 0,05-1.0 g/cm 3 , 
fiber reinforced plastic (abbreviated as CFRP). A re- ^ a uniform porous ceramic having a density of 
fleeting film A which can reflect light raye ranging hi rj3-U) g/cm 3 . In another form of the present invention, 
frequency from the infrared to the ultraviolet region to jo the core has a cnrdtjoard-like construction and com- 
fonned on the other surface of one of the FRP plates 2 pfisea a corrugated sheet and a flat sheet which isse- 
by vapor deposition or other suitable method The re- cured to at least one side of the corrugated sheet The 
(lector is rigidly supported by a base 5 through a ffup- corrugated sheet and the Oat sheet are made of a mate- 
port member 6 which is secured to both the base 5 and ^ greeted from a uniform Kevlar fiber reinforced 
one of the FRP plates 2. The reflector of FIG. 2 further a pta3tic having a density of 0,03- KO g/cm', a uniform 
comprises a hard and smooth substrate 7 of glass, metal, ceramic having a density of 0.03-1,0 g/cm 3 , and a uni- 
or the lite which Is formed on one of the FRP plates 2 form carbon fiber reinforced plastic having a density of 
beneath the reflecting fihn 4 0.03*1.0 g/cm 3 . 

When thecorel of a ccniventional reflector lOte those DESCRIPTION OF THE DRAWINGS 

illustrated in FIGS. 1 and 2 is a honeycomb core, due to BKJEF DWWuruw ur 
the anisotropy of the honeycomb core with respect to Fiq. i u a cross-sectional view of a conventional 
mechanical and thermal propcrtica, nonuniform defor- FRP reflector. , _ 

madon may take place in the form of saddle-shaped FIG. 2 is a cross^cctional view of another type of 
molding strains and thermal deformation. Even if the conventional FRP reflector. 

honeycomb core is divided into a plurality of members 35 FIG. 3 ia a cross-sectional view of a first embodiment 
waickare dijficaed wHh . considerarion given to the G f an FRP reflector in accordance with the present 
directionality of the properties of the honeycomb mate- invention. 

rial, each of the members making up the honeycomb FIG- 4 is a crt^sectional view of a second emboaV 
core is stfll anisotropic, and nonuniform molding strains ment of an FRP reflectors in accordance with the pres- 

and thermal deformation can not be completely elnni- 40 eat invention, . • . r 

aated Furthermore, when the honeycomb core is di- FIG, 3 is a cros^aectional view of a third embodi- 
vided up in this manner, the reflecting surface under- ment of an FRP reflector in accordance with the pres- 
soes deformation due to lack of structural continuity. em invention. 

As a result, when the reflector is used to reflect light FIG. 6 is a crc^sectional view of a fourdi embodi- 
rays and form an image, a sharp image can not be ob- 45 meat of an FRP reflector in accordance with the pres- 
tained Furthermore, when the reflector Is used to re- ent invention. 

fSght rays which are emitted from the focus of the FIG. 7 ia a perspective view of the cere of the em- 
rcflectOT, the reflector can not produce parallel light bodhnenta of FIGS. 5 and G. 

rTyVhKa uniform intensity distention. In the figures, the same reference numerals indicate 

On the other hand, when the core 1 is made of a 50 the same or corresponding parts, 
polymer foam, since the foam is a uniform material, DESCRIPTION OF THE PREFERRED 

there arc no nonuniform deformations. However, a EMBODIMENTS 

polymer foam has a relatively high linear thermal ex- * ^w.^t* nf 

^^coefficient on the order of 3-7 X 10- VG. and Hereinbelow. a <* P*^™* ?£S5fc 

STthermal deformation of the reflector is large com- 55 an FRP reflector in accordance with the present mven- 
yXrfoS a honeycomb core made of don will be described wUU ^errmgto the W 
Earn, far e^ple^ermore, a reflector of this uying figures. FIGS. 3aad 4 t ^^^™^ 

asssSassassfaa: r;s^ees~.=ssis 

So lK» employing a honey- « S^dSVTffi 
combcore - agent 3 to opposite tides thereof. The FRP plates 2 can 

SUMMARY OP THE INVENTION t>e of a carton fiber reinforced plastic or other 

It u therefore on object of the present Invention to suitable 1^ A reflecting Aim J f^S! 
provWeliFBP reflecir which is not subject to noun- 65 rays ranging ta frequency from the Infrared to the ultra 
nXS moZg strains and thermal deformation and violet rcgtoaUfonned on thcouter surface e 
vX at the Jme time has a high aoffijeas-to-weight FRP plates 2 by vapor deponbon or other suitable 
«db and a^dergoL only email thermal deformation. method. The reflector a secured to a base S by a support 
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no restriction on the shape thereof, and it can also be 
convex or flat 
What id claimed k: 

1 A fiber reinforced plastic reflector comprising: 
a core which is made of an isotropic material with 
respect to mechanical and thermal properties i se- 
lcctcd from a uniform foamed metal having a den- 
sity of 0.1-1.0 g/cnPp uniform porous glass having 
a density of 0.05-1,0 g/cm*, and a unifonn porous 
ceramic having a density of 0.3-1.0 g/cm 3 ; 
two fiber reinforced plastic plates which are secured 

to opposite sides of the said core; and 
* reflecting film which is formed atop the outer sur- 
face of one of said fiber reinforced plastic plates; 
said core and taid plastic plates having a linear ther* 
mal expansion coefficient of 51X10- VC. and 
providing a lightweight reflector not subject to 
significant thermal deformation- 

thermal deformauoiL Further- *>< . * ° nnF AffudA ^ T rem forced 



member 6 which is secured to one of the FRF plates 2. 
The reflector of the embodiment ofFlO. 4 further com- 
prises a hard and smooth substrate 7 of glass, metal, or 
the like which is formed on one of the FRP plates 2 
beneath the reflecting film 4, 

The cores JO of the embodiments of FIG. 3 and 4 are 
made from an inotropic material selected from a uniform 
foamed metal such as foamed aluminum or foamed 
magnesium having a density of 0,1-1.0 g/oM & om 
uniform, porous glass having a density of 0.05-1.0 
g/cm*, and from a uniform, porous ceramic having a 
density of 03-1.0 g/cm 3 . 

As these materials are isotropic with respect to me- 
chanical and thermal properties, the reflector U not 
subjected to nonuniform molding strains or thermal 
deformation. These materials also have a lower linear 
thermal expansion coefficient than polymer foam of at 
most lxlO-VC so that the resulting reflector to not 
subject to significant thermal deformation- Further- 
more, a sandwich structure using these materials has a 
higher smTbess-to-weight ratio than one using a poly- 
mer foam, so that a lightweight reflector of high preci- 
sion can be obtained. 2s 

FIG 5 and 6 respectively fllnstrate a third and a 
fourth embodiment and an FRP reflector in accordance 
with the present invention. These embodiments differ 
from those illustrated in FIG. 3 and 4, respectively, only 
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ClrTn 1 I bumpiiiyw — »— ^ ■ 

Which is deposed atop said one of said fiber reinforced 
plastic plates beneath said reflecting film. 

3. A fiber reiiiforced plastic reflector as claimed m 
clrim 2 wherein said substrate is made from glass or 
me tal , 

4. A fiber reinforced plastic reflector as claimed in 
claim 2 wherein said core is foamed metal selected from 
foamed aluminum and foamed magnesium. 

&om those illustrated in Flu. aano«, rapewvd*, ^ 5# A fiber reinforced plastic reflector as claimed m 
in the structure of the core 11 thereof; which is lllus* ^ 3 wherein said core is foamed metal selected from 
trated in perspective in FIG. 7. The core 11 has a card- foamed aluminum and foamed magnesium, 
board-like structure and comprises a corrugated sheet & A fiber reinforced plastic reflector as claimed in 
lln having aflat sheet 11* secured to one side thereof. claim 1 wherein said core is a foamed metal selected 
Hath thedorrumted sheet 11a and the flat sheet lib are from foamed aluminum and foamed magnesium. 
mao^^mXsame isotropic material which is selected 35 7. A fiber reinforced plastic reflector *mpnmp 
from^uniforavCevlar fiber reiiiforced plastic (KFRP) 
having a density of 0-03-1.0 g/cm\ a uniform ceramic 
having a density of 0.03-1.0 g/cm* and a uniW car- 
bon, fiber remforced plastic having a density of 0.03-1.0 
g/cm3. Kevlar is a trademark ofDuPont de Nemours & 40 
Co. for an aromatic polysmide fiber. 

A cardboard-like core U made of one of these materi- 
als provides the same benefits as the core 10 of FIGS. 3 
and *. Namely, it is isotropic with respect to mechanical 
and thermal properties, so it is not subject to nonuni- « 

" . It* tl * «1aPA#mA- 



form molding strains or nonuniform thermal deforma- 
tion, These m aterials also have a lower linear expansion 
coefficient than a polymer foam of at most 
IX10-V*C, so that the resulting reflector is not sub- 
ject to signi ficant thermal deformation. Furthermore, a 
sandwich structure using these materials has a higher 
sdfmess-to-weight ratio than one using a polymer foam. 
Therefore, a lightweight reflector or high precision can 
be obtained. 

FIG. 7 illustrates the case tn which a corrugated sheet 
lid has a flat sheet lib secured to only One side thereof, 
but it is also possible to secure a flat sheet 11A to both 

sides thereof. m . 

In the above-described embodiments, the reflecting 60 metal, 
surface of the reflector has a concave shape, but there is 
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a core comprising a corrugated sheet and a fiat sheet 
which is secured to one side of said corrugated 
sheet, said corrugated sheet and said flat sheet 
being made of an isotropic material with respect to 
mechanical and thermal properties selected from a 
uniform Kevlar fiber reinforced plastic having a 
density of 0.03-1.0 g/cnP, a uniform ceramic hiv- 
ing a density of 0.03-1.0 g/cm*, and a uniform 
carbon fiber remforced plastic having a density of 
0.03-1.0 g/cm^ 
two fiber reinforced plastic plates which are secured 

to opposite sides of the said core; and 
a reflecting film Which is formed stop the outer sur- 
face of one of said fiber reinforced plastic plates; 
said core and said plastic plates having a linear ther- 
mal expansion coefficient of SlXl0-VC. and 
providing a lightweight reflector not subject to 
significant t >Y ^* T T ln, deformation, 
g. A fiber reinforced plastic reflector as claimed in 
chum 1, further comprising a smooth and hard substrate 
which is disposed atop said one of said fiber reinforced 
plastic plates beneath said reflecting film- 

9. A fiber reinforced plastic reflector as claimed in 
c lahn 9, wherein said substrate is made from glass or 
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